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25.1 I N T R O D U C T I O N 
T h e I n t e r n a t i o n a l C r o p s R e s e a r c h I n s t i t u t e for t h e S e m i - A r i d T r o p i c s 
( I C R I S A T ) h a s a m a n d a t e to serve , in p a r t i c u l a r , the smal l f a rmers o f the 
s emi - a r i d t rop i c s . T h e t a rge t c rops a re : s o r g h u m (Sorghum bicoior (L.) 
M o e n c h ) , p e a r l mi l l e t (Pennisetum americanum (L.) L e e k e ) , p i g e o n p e a (Cajanus 
cajan (L.) M i l l s p . ) , ch i ckpea (Cicer arietinum L.) a n d g r o u n d n u t s (Arachis 
hypogaea L . ) . Al l these c rops suffer ma jo r losses caused by insec t pe s t s , yet all, 
e x c e p t g r o u n d n u t s , a r e gene ra l l y g r o w n w i t h o u t pes t i c ide p r o t e c t i o n i n the 
t a rge t f a r m e r s ' fields. O n e o f the m o s t a t t r a c t i v e op t i ons for pes t m a n a g e m e n t 
439 
440 W. Reed, K. V. Seshu Reddy, S. S. Lateef, P. W. Amin and J. C. Davies 
in such c i r c u m s t a n c e s i s the p rov i s ion of cu l t iva r s t h a t a r e m o r e r e s i s t an t to 
insect pes t s and tha t yield m o r e in the low i n p u t sys t ems t h a n the cu r ren t ly 
a v a i l a b l e m a t e r i a l s . A brief s u m m a r y of o u r p rogress in this a r e a to d a t e i s 
p r e s e n t e d for each of the t a rge t c rops . 
25.2 S O R G H U M 
A t the I C R I S A T C e n t r e , t h ree s o r g h u m pes t s o f m a j o r i n t e r n a t i o n a l 
i m p o r t a n c e a r c found in o u r f i e lds a n d so h a v e been se lected for s t u d y . T h e s e 
a r c the shootfly (Atherigona soccata R o n d . ) , a s t e m b o r e r (Chilopartellus S w i n . ) , 
a n d t h e m i d g e (Contarinia sorghicola C o q . ) . A fourth pes t , t h e e a r h e a d b u g 
(Calocoris angustatus L e t h . ) , is i m p o r t a n t in ce r ta in p a r t s of I n d i a , a n d re la ted 
species m a y h a v e d a m a g i n g effects in c e r t a i n s i t ua t i ons in Africa, so we h a v e 
a d d e d i t t o o u r m a n a g e m e n t s tud ie s . 
T h e m a j o r object ives o f o u r p r o g r a m m e i n c l u d e t h e d e v e l o p m e n t o f 
s c r e e n i n g t e c h n i q u e s for t h e m a j o r pes t s of s o r g h u m , ident i f icat ion of l ines 
from the ava i l ab l e g e r m p l a s m h a v i n g res i s t ance cha rac te r i s t i c s , a n d ass i s t ing 
b r e e d e r s wi th s c r e e n i n g o f m a t e r i a l s e m a n a t i n g from the i r p r o g r a m m e s . 
25.2.1 Shootfly 
S o r g h u m shootf ly, Atherigona soccata R o n d . , occur s over m u c h of Africa a n d 
As ia , a t t a c k i n g seedl ings a n d y o u n g p l a n t s . I t i s r e spons ib l e for severe c r o p 
losses , espec ia l ly in l a t e - sown s o r g h u m a n d in a r e a s w h e r e the d r y season i s 
n o t p r o l o n g e d (Dogge t t , 1972; R a o , R a n a & J o t w a n i , 1978; S e s h u R e d d y & 
D a v i e s , 1978) . T h e use of r e s i s t an t var ie t ies of s o r g h u m is likely to be t h e 
m o s t useful m e t h o d of m i n i m i z i n g d a m a g e by this pes t s ince i t i s r ecognized 
t h a t va r i e t i e s of s o r g h u m differ in the ex t en t of d a m a g e by shootfly 
( P o n n a i y a , 1951; P r a d h a n , 1971; So to 1974; J o t w a n i , 1978) . 
A la rge-sca le s c r e e n i n g o p e r a t i o n w a s s t a r t e d in the r a iny season , 1974, on 
a newly o p e n e d block o f pest ic ide-free l a n d a t the I C R I S A T . To e n s u r e t h a t 
h i g h , r e p e a t a b l e , a n d un i fo rm levels o f shootfly a r e ava i l ab le a t t h e 
suscep t ib l e s t ages of s o r g h u m g r o w t h , a fish m e a l - s p r e a d i n g t e c h n i q u e 
( S t a r k s , 1970) h a s b e e n modif ied a n d a d o p t e d . S p r e a d e r rows of a k n o w n 
suscep t ib l e s o r g h u m h y b r i d ( C S H - 1 ) a r e s o w n a b o u t 3 weeks after the b r e a k 
o f r a i n s a n d shootflies a r e a t t r a c t e d by u s i n g f i sh m e a l . T h e tes t m a t e r i a l i s 
s o w n 3 weeks l a t e r a n d flies e m e r g i n g from the s p r e a d e r rows a r e a t t r a c t e d to 
t h e rows of tes t s eed l ings , a g a i n u s i n g fish m e a l . O v i p o s i t i o n i s o b s e r v e d on 
8 0 - 1 0 0 % o f the p l a n t s u n d e r test . K n o w n suscep t ib l e checks a re i n c l u d e d a s 
con t ro l s . 
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A large n u m b e r of l ines t h a t h a d been sc reened for r e s i s t ance to shootfly 
ear l ie r i n I n d i a a n d e l sewhere , a n d s o m e un t e s t ed ones , h a v e been exposed to 
h e a v y shootfly a t t a c k over severa l s easons . Res i s t ance is assessed by c o u n t s of 
eggs a n d o f " d e a d h e a r t s " p r o d u c e d on the m a t e r i a l u n d e r test . A t ha rves t , a 
c o u n t o f the n u m b e r o f h a r v e s t a b l e h e a d s i s t aken . 
M o r e t h a n 300 lines h a v e b e e n identif ied as h a v i n g s ignif icant levels o f 
r e s i s t a n c e / t o l e r a n c e to shootfly. T h i s r e s i s t ance has been found to be ma in ly 
d u e to n o n - p r e f e r e n c e for egg l ay ing a n d s e c o n d a r y or recovery res i s tance . 
T h e r e a p p e a r s to be a defini te l ink b e t w e e n non-p re fe rence for ov ipos i t ion a n d 
the p r e s e n c e of t r i c h o m e s ( m i n u t e ha i rs ) on the unde r - su r f ace of leaves ( M a i t i , 
B id inger , S e s h u R e d d y & D a v i e s , 1980). In m a n y l ines, the p r e sence of 
t r i c h o m e s a p p e a r s to be assoc ia ted wi th a glossy leaf sur face . 
I t is n o w poss ib le to o b t a i n differential levels of shootfly a t t a c k by u t i l iz ing a 
c o m b i n a t i o n o f sowing d a t e s , s p r e a d e r rows a n d f i sh m e a l on the b r e e d e r s ' 
m a t e r i a l (Seshu R e d d y & D a v i e s , 1978). 
25.2.2 Stem borers 
T h e s t e m bo re r , Chilo partellus S w i n h o e , is one of the m o r e se r ious pests of 
s o r g h u m in I n d i a ( J o t w a n i & Y o u n g , 1972) a n d in the l owland a r e a s of E a s t 
Afr ica ( I n g r a m , 1978) . I t i s a lso p r e s e n t a n d i s po ten t i a l ly i m p o r t a n t in o the r 
a r e a s of the s em i - a r i d t rop ics . 
At t h e I C R I S A T , ini t ia l a t t e m p t s to screen the g e r m p l a s m were in f i e lds in 
wh ich s ta lks from the p rev ious c rop h a d been a l lowed to s t a n d be tween 
seasons a n d s u b s e q u e n t l y i r r i ga t ed , t o e n c o u r a g e t h e p u p a t i o n o f r es t ing 
l a r v a e . T h i s r e su l t ed in s o m e infes ta t ion on the tes t m a t e r i a l b u t i t was not 
g r e a t e n o u g h for s c r e e n i n g a n d select ion. 
C o n s e q u e n t l y , i t w a s dec ided t h a t we wou ld h a v e to p r o d u c e la rge n u m b e r s 
of l a rvae in o u r l abo ra to r i e s for i n t r o d u c t i o n in to the f ie ld plots in o r d e r to 
p r o d u c e infes ta t ions t h a t w o u l d al low in tens ive a n d r e p e a t a b l e sc reen ings . A 
s u i t a b l e d i e t a n d a t e c h n i q u e tha t a l lowed us to p r o d u c e very la rge n u m b e r s of 
these l a r v a e w e r e deve loped (Seshu R e d d y & Dav ie s , 1978a) a n d we can now 
infest l a r g e a r e a s o f s o r g h u m . T h e newly h a t c h e d l a rvae a r e m i x e d wi th f i n g e r 
mi l le t seed a n d i n t r o d u c e d to the whor l s o f 25- to 28-day-o ld s o r g h u m p l a n t s 
w i t h t h e a id of a d i spense r t h a t is a modi f ica t ion of the o n e deve loped at 
C I M M Y T . E a c h p l a n t receives two a p p l i c a t i o n s , wi th a b o u t six l a rvae per 
p l a n t i n e a c h . T h e s u b s e q u e n t leaf d a m a g e a n d " d e a d h e a r t " inc idence i s 
r e c o r d e d . T h i s m e t h o d h a s b e e n found to give a r ap id a n d a c c u r a t e s c r e e n i n g 
a n d i s e n a b l i n g us to identify t o l e r an t l ines from a m o n g o u r la rge W o r l d 
col lect ion o f s o r g h u m g e r m p l a s m . 
Li t t le i n f o r m a t i o n is ava i l aba l e on the m e c h a n i s m of r e s i s t ance to this pes t . 
I t a p p e a r s t h a t non -p re fe rence for egg lay ing is n o t a factor ( R o o m e , 
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u n p u b l i s h e d ) . T h e i m p o r t a n c e o f leaf t ex tu re c a n n o t , howeve r , be ru led ou t 
a n d it has been sugges ted t h a t t h in s t e m s are n o t favoured . A p r e l i m i n a r y 
s t u d y by sc ien t i s t s o f the C e n t r e for O v e r s e a s Pest R e s e a r c h , L o n d o n , of the 
H G N a n d p h e n o l i c ac id levels i n s o r g h u m cul t ivars a t t h e I C R I S A T C e n t r e 
( W o o d h e a d e t al., u n p u b l i s h e d ) h a s i n d i c a t e d t h a t t he re a r e no d i s t inc t o r 
r e p e a t a b l e differences in the levels of these chemica l s b e t w e e n the r e s i s t an t 
a n d suscep t ib l e cu l t iva r s . I t was a lso r eco rded t h a t the pheno l i c ac id levels 
v a r i e d over t ime a n d wi th different a g r o n o m i c s i t ua t i ons . F u r t h e r s tud i e s a rc 
p l a n n e d on these c h e m i c a l s . 
25.2.3 Midge 
S o r g h u m m i d g e , Contarinia sorghicola C o q . , is an ex t r eme ly i m p o r t a n t pes t 
a n d a p o t e n t i a l sou rce of c r o p loss in a l m o s t all a r e a s w h e r e s o r g h u m is 
g r o w n . T h e p o p u l a t i o n s o f this pes t c an be grea t ly i n c r e a s e d by poor 
a g r o n o m i c p r ac t i c e s , a n d t h e p e s t a p p e a r s t o be on the inc rease p a r t i c u l a r l y 
i n a r e a s w h e r e e a r l y - m a t u r i n g a n d i m p r o v e d cu l t iva r s a r e g r o w n i n t h e s a m e 
a r e a s a s l a t e r - m a t u r i n g local cu l t iva r s . 
O b s e r v a t i o n s over 6 yea rs h a v e s h o w n t h a t the levels of this pes t on the 
I C R I S A T C e n t r e a r e low. Efforts w e r e m a d e t o deve lop m e t h o d s o f e n s u r i n g 
h i g h m i d g e cha l l enge a t a n o t h e r loca t ion , u s ing s p r e a d e r rows o f m i x e d - a g e 
cu l t iva r s , b u t w e r e n o t effective. 
I n c o - o p e r a t i o n wi th t h e M a h a r a s h t r a D e p a r t m e n t o f A g r i c u l t u r e , a n 
a t t e m p t was m a d e t o sc reen m a t e r i a l s t h a t h a d a l r e a d y b e e n identif ied i n 
o t h e r p r o g r a m m e s a s m i d g e r e s i s t an t , i n an a r e a w h e r e m i d g e was k n o w n to 
be e n d e m i c a n d se r ious . H o w e v e r , these t r ia ls w e r e only pa r t i a l l y successful . 
We a r e n o w in t h e ini t ia l s t ages o f d e v e l o p i n g a t e c h n i q u e t h a t , we h o p e , will 
a l low us to usefully sc reen for r e s i s t ance to this p e s t a t D h a r w a r , in 
K a r n a t a k a S t a t e . 
W o r k e l s ewhe re h a s s h o w n t h a t non -p re fe rence i s involved in the 
r e s i s t ance so far d i scove red a n d to l e rance does n o t a p p e a r t o be i m p o r t a n t 
( T e e t e s , W u e n a c h e & J o h n s o n , 1979) . 
25.2.4 Earhead bug 
T h e h e a d b u g , Calocoris angustatus L e t h . , i s very d a m a g i n g in p a r t s of I n d i a , 
s ea sona l ly . L i t t l e i s k n o w n of t h e b io logy, c a r ryove r or even loss levels c aused 
by this insec t , o r by h e a d b u g s in g e n e r a l . T h e n u m b e r o f H e t e r o p t e r a in 
s o r g h u m h e a d s a r e often ve ry h i g h , b u t the i r s ignif icance in e c o n o m i c t e r m s 
i s u n k n o w n . T h e q u a l i t y o f g r a i n can be severely affected. 
Plant Resistance to Insect Attack 443 
S c r e e n i n g t e c h n i q u e s are still b e i n g w o r k e d ou t , b u t the resul t s to d a t e s h o w 
t h a t this w o r k will be e x t r e m e l y c o m p l e x a n d difficult. S o w i n g cu l t iva r s o f 
mixed m a t u r i t i e s i m m e d i a t e l y after the b reak o f m o n s o o n s as s p r e a d e r rows 
a n d sowing the tes t m a t e r i a l p r o t e c t e d aga ins t shootfly 3 weeks l a t e r h a s 
s h o w n p r o m i s e , b u t fur ther o b s e r v a t i o n s a r e necessa ry . I n gene ra l , the 
c o m p a c t - h e a d types h a v e b e e n found to be m o r e suscep t ib l e t h a n the 
o p e n - h e a d e d types . T h e de tec t ion of r e s i s t ance i s m a d e difficult by the fact 
t h a t tes t cu l t iva r s m a t u r e a t different d a t e s wh ich c a n resu l t in a l ine a p p e a r i n g 
to be r e s i s t a n t w h e n i t i s mere ly an " e s c a p e " s ince t h e p e a k a t t a c k by 
C. angustatus i s a v o i d e d . A t t e m p t s a r e b e i n g m a d e to sow tr ia ls w i t h i n w h i c h all 
cu l t iva r s h a v e a s imi l a r m a t u r i t y . Careful o b s e r v a t i o n s on b u g n u m b e r s a n d 
f lowering d a t e s a r e a necessa ry p r e r e q u i s i t e for sa t isfactory ident i f ica t ion of 
r e s i s t ance . 
25.3 INTERNATIONAL SORGHUM PEST RESISTANCE TESTING 
PROGRAMME (ISPRTP) 
T h e p r i m e objec t ive o f o u r s o r g h u m p r o g r a m m e i s to i nc rea se the 
p r o d u c t i o n o f s o r g h u m in the S A T . To ach ieve this , i t will be necessa ry to 
p r o v i d e n a t i o n a l p r o g r a m m e s wi th g e n o t y p e s h a v i n g n o t only h i g h e r yield 
p o t e n t i a l , b u t a lso g r e a t e r yield s tab i l i ty t h a n those c u r r e n t l y g r o w n by the 
f a r m e r s . In o r d e r to succeed in those object ives , i t i s i m p o r t a n t t h a t the 
s o r g h u m g e r m p l a s m be sc reened ac ross a r a n g e o f e n v i r o n m e n t s a n d p e s t 
s i t u a t i o n s , t o e n s u r e t h a t b r o a d - b a s e d res i s t ance to pes t s a re loca ted . 
S ince 1976 we h a v e b e e n s e n d i n g pes t - r e s i s t ance nu r se r i e s to severa l 
c o u n t r i e s t o e v a l u a t e r e s i s t ance in different e n v i r o n m e n t s . T h e nurse r i e s 
i n c l u d e l ines t h a t h a v e b e e n found t o b e r e s i s t an t a t the I C R I S A T a n d those 
ident i f ied by o u r co l leagues i n t h e A l l - I n d i a P r o g r a m m e , w i t h w h o m we enjoy 
close c o o p e r a t i o n . T h e n u m b e r o f such nurse r i e s t h a t h a v e b e e n d e s p a t c h e d 
a r e p r e s e n t e d i n T a b l e 2 5 . 1 . 
T A B L E 25.1. I C R I S A T P E S T - R E S I S T A N C E N U R S E R I E S S E N T F O R 
M U L T I L O C A T I O N A L T E S T I N G 
Year 
1976 
1977 
1978 
1979 
Combined 
E 
24 
22 
_ 
_ 
C L 
9 
3 
Shootfly 
E C L 
22 5 7 
20 8 13 
20 8 18 
Stem borer 
E 
22 
20 
20 
C L 
6 7 
7 12 
9 14 
Midge 
E C 
16 3 
15 6 
15 10 
L 
3 
8 
15 
E, entries; C, countries; and L, locations. 
T h e n u m b e r o f successful r e t u r n s has b e e n d i s a p p o i n t i n g b u t , a t loca t ions 
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w h e r e p r o p e r o b s e r v a t i o n s h a d b e e n t aken , i t w a s c lea r t h a t t h e en t r ies 
se lected by o u r p r o g r a m m e s h o w e d h i g h e r degrees o f r e s i s t ance t h a n local 
check en t r i e s . S o m e of the shootfly a n d m i d g e - r e s i s t a n t l ines w e r e p r o m i s i n g in 
K e n y a , M a l i a n d U p p e r V o l t a . T h e r e i s a n i nc reas ing d e m a n d for identified 
r e s i s t an t l ines from wi th in I n d i a . C u r r e n t l y , severa l o f t h e identif ied lines a re 
a l so b e i n g u s e d b y o u r I C R I S A T b r e e d e r s for c ross ing t o ag ronomica l l y 
s u p e r i o r m a t e r i a l . 
25.4 PEARL MILLET 
I t i s gene ra l l y bel ieved t h a t insect pes t s do n o t pose a n y ser ious t h r e a t in the 
cu l t i va t i on o f p e a r l mi l le t . H o w e v e r , this bel ief i s p a r t i a l l y c o n t r a d i c t e d by the 
l ong list o f m o r e t h a n seventy insect pes t species r e c o r d e d on this c rop a t 
I C R I S A T (Seshu R e d d y & D a v i e s , 1979) . T h e t r u t h i s t h a t t h e ac tua l 
e c o n o m i c i m p o r t a n c e o f these pes t s h a s n o t been fully w o r k e d ou t , o w i n g to 
the i r p e r i o d i c a n d s p o r a d i c o c c u r r e n c e i n f a r m e r s ' fields. I n r ecen t y ea r s the re 
a p p e a r s to h a v e b e e n a c o n s i d e r a b l e c h a n g e in t h e s t a t u s o f s o m e o f t h e m i n o r 
a n d s p o r a d i c pes t s , wh ich h a v e n o w a s s u m e d the s t a t u s o f ser ious pes t s i n 
s o m e of the rn i l le t -growing a r e a s in I n d i a . 
A t the I C R I S A T C e n t r e , o b s e r v a t i o n s t o d a t e o n p e a r l mi l le t cu l t ivars 
s h o w e d t h a t the pes t i nc idence w a s genera l ly low wi th the excep t ion o f 
s p o r a d i c a t t a c k s by Mythimna separata W a l k a n d Heliothis armigera H u b . 
H o w e v e r , o b s e r v a t i o n s on mi l le t pes t s will be c o n t i n u e d . M o s t o f ou r 
e n t o m o l o g i c a l w o r k on p e a r l mi l le t will h a v e to be d o n e in W e s t Afr ica w h e r e 
pes t s a p p e a r to c a u s e s u b s t a n t i a l losses to this c rop . 
25.5 PIGEONPEA 
T h e r e a r c severa l insec t species w h i c h can r e d u c e the yie lds o f p i g e o n p e a , 
w i t h v a r i a t i o n in the c o m p o s i t i o n o f the p e s t c o m p l e x b e t w e e n a n d wi th in 
c o u n t r i e s a n d from y e a r t o yea r . I n I n d i a , w h e r e over 9 0 % o f the w o r l d ' s 
r e c o r d e d p r o d u c t i o n o f th is c r o p i s g r o w n , a n d in severa l o t h e r coun t r i e s , the 
m a j o r loss i s c a u s e d b y l e p i d o p t e r a n b o r e r s t h a t a t t a c k t h e f lowers a n d p o d s . 
T h i s c o m p l e x is u s u a l l y d o m i n a t e d by Heliothis virescens (F.) a n d H. zea B o d d i e 
c a u s i n g m a j o r losses in t h e A m e r i c a s . In a d d i t i o n the podf ly , Melanagromyza 
obtusa M a l l . c a u s e s c o n s i d e r a b l e losses in m o s t A s i a n coun t r i e s , b u t 
p a r t i c u l a r l y i n t h e i m p o r t a n t p r o d u c t i o n a r e a s o f n o r t h e r n a n d cen t ra l I n d i a . 
, W o r k on t h e s c r e e n i n g o f t h e ava i l ab l e g e r m p l a s m a n d o t h e r m a t e r i a l s for 
r e d u c e d suscep t ib i l i ty to t h e p o d b o r e r s a n d podfly was in i t i a t ed a t the 
I C R I S A T in 1975 (Lateef, 1977; D a v i e s & Lateef, 1978) . A m e t h o d o l o g y for 
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open-field s c r e e n i n g , w i t h a u g m e n t a t i o n o f the n a t u r a l pes t a t t a cks w h e r e 
n e e d e d , was deve loped . To d a t e , near ly 10,000 lines h a v e been sc reened . In i t ia l 
eva lua t i on is of s m a l l u n r e p l i c a t e d plots of the test m a t e r i a l s wh ich a r e 
c o m p a r e d wi th check cu l t i va r s o f c o m p a r a b l e m a t u r i t i e s in pest ic ide-free 
cond i t i ons . Ail those en t r ies tha t yield less a n d also suffer g r e a t e r p e s t d a m a g e 
t h a n the checks are re jec ted at this s t age . A n y lines of in te res t a r c tested in tr ials 
of a n a r r o w m a t u r i t y r a n g e wi th i nc reas ing rep l ica t ion in e a c h yea r , each tr ial 
c o n t a i n i n g r e l e v a n t check cu l t iva r s a n d lines t h a t a r c o f k n o w n high 
suscep t ib i l i ty . A d v a n c e d - s t a g e tes t ing i s in b a l a n c e d la t t ice s q u a r e des ign t r ia ls 
w i th s ix teen or n i n e en t r ies in each . T h i s des ign has been found to give useful 
increases in efficiency which is very we l come in this work w h e r e spa t i a l a n d 
t e m p o r a l v a r i a t i o n s in pes t a t t a c k resu l t in a h igh coefficient of va r i a t i on . 
F r o m the b e g i n n i n g i t w a s a p p r e c i a t e d t h a t the s ea rch for r e d u c e d 
suscep t ib i l i ty to the pes t s , pa r t i cu l a r ly to H. armigera, wou ld be difficult a n d ou r 
e x p e r i e n c e h a s conf i rmed th is view. T h e l a rge p l a n t size, l e n g t h y g r o w i n g 
season , c o m p e n s a t o r y h a b i t , a n d h igh inc idence of o u t c r o s s i n g h a v e all posed 
p r o b l e m s a n d s lowed o u r p rog re s s . Neve r the l e s s , we n o w h a v e severa l l ines tha t 
differ m a r k e d l y in the i r suscep t ib i l i ty to b o t h H. armigera a n d podfly. We h a v e 
been looking for a n d h a v e found, l ines t h a t differ no t only in the i r suscept ib i l i ty 
to a t t a c k by pes t s , b u t a lso those t h a t to le ra te a t t acks a n d yield a r e a s o n a b l e c r o p 
u n d e r h e a v y p e s t t h r e a t s i n the u n s p r a y e d s i tua t ion . Of p a r t i c u l a r i m p o r t a n c e i s 
the abi l i ty to c o m p e n s a t e for ear ly losses a n d there a p p e a r to be cons ide r ab l e 
differences a m o n g p i g e o n p e a cu l t iva r s i n this i m p o r t a n t c h a r a c t e r . 
We found t h a t s o m e Atylosia spp., wh ich are close re la t ives of p igeonpea , h a v e 
c o n s i d e r a b l e r e s i s t ance to b o t h p o d bore rs a n d podfly. We h a v e found a p o d wall 
b a r r i e r a n d an t ib ios i s . I n coope ra t i on w i t h ou r b reede r s w e h a v e b e e n sc reen ing 
de r iva t ives of t h e i n t e rgene r i c crosses b e t w e e n Atylosia s p p . a n d p i g e o n p e a in an 
a t t e m p t t o t ransfer t h e r e s i s t ance . To d a t e , this a p p r o a c h does no t a p p e a r t o 
h a v e been as p r o d u c t i v e as o u r g e r m p l a s m sc reen ing b u t the cost of this work i s 
low a n d i t i s p r o b a b l y w o r t h pe r s i s t i ng wi th for a t least two m o r e seasons . 
W e a r e c o n t i n u i n g o u r open-f ie ld sc reen ing w o r k w i t h i n d i v i d u a l p l a n t a n d 
p o p u l a t i o n se lect ion. L a b o r a t o r y feeding tests a n d o t h e r e x p e r i m e n t s a r e u n d e r 
w a y in an a t t e m p t to d i s t i ngu i sh the m e c h a n i s m o f the differences b e t w e e n m o r e 
a n d less suscep t ib l e cu l t iva r s . W e a l r e a d y h a v e s o m e useful l eads o n t h e poss ib le 
causes of suscep t ib i l i ty differences to podfly ovipos i t ion . Seeds of o u r select ions 
h a v e b e e n g iven to o u r I C R I S A T b reede r s for c ross ing a n d to en tomolog i s t s in 
I n d i a for t e s t i ng i n o t h e r e n v i r o n m e n t s . 
25.6 CHICKPEA 
C h i c k p e a is the ma jo r pu l s e c r o p of I n d i a a n d is of cons ide r ab l e i m p o r t a n c e in 
seve ra l o t h e r c o u n t r i e s , p a r t i c u l a r l y those in the M e d i t e r r a n e a n reg ion . I t ha s 
a ve ry r e s t r i c t ed r a n g e of p e s t s b u t Heliothis s p p . a t t a c k this c rop from the 
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seed l ing to the m a t u r i t y s t age a n d can be locally d e v a s t a t i n g . A t p r e s e n t 
o u r p l a n t - r e s i s t a n c e s tud i e s on this c r o p a t I C R I S A T a r e confined to Heliothis 
armigera b u t we a r e a lso h e l p i n g w i t h w o r k a t I C A R D A in Syr i a w h e r e t h e leaf 
m i n e r , Liriomyza cicerina ( R o n d a n i ) , c an be ve ry d a m a g i n g . 
C h i c k p e a i s m u c h eas ier to h a n d l e t h a n p i g e o n p e a , w i t h a re la t ively sho r t 
s e a s o n , sma l l p l a n t s , a n d li t t le o r no ou tc ros s ing . H e r e , h o w e v e r , the smal l 
p l a n t size does g ive us the p r o b l e m of i n d i v i d u a l p l a n t e scape , so i nd iv idua l 
p l a n t se lec t ion in open-f ield s c r e e n i n g h a s n o t b e e n ve ry p r o d u c t i v e so far. 
As w i t h p i g e o n p e a , we h a v e found cons ide r ab l e a n d cons i s t en t differences 
in the suscep t ib i l i ty of different l ines to H. armigera a t t a c k in the 12,000 
g e r m p l a s m access ions a n d b r e e d e r s ' m a t e r i a l s t h a t we h a v e so far s c reened . 
H e r e a g a i n we re jected m a n y lines on the basis o f resu l t s from u n r e p l i c a t e d 
s m a l t - p l o t s c r e e n i n g , t hen e m b a r k e d on t r ia ls o f n a r r o w m a t u r i t y r a n g e s wi th 
i n c r e a s i n g r ep l i ca t i on o f the m o r e p r o m i s i n g l ines . In this c r o p a g a i n , the 
ab i l i ty to c o m p e n s a t e for ea r ly losses i s ve ry m a r k e d a n d we a r e se lec t ing no t 
on ly for r e s i s t ance per se b u t a lso for t o l e r ance a n d c o m p e n s a t i o n w h i c h a re 
exp res sed in t h e yie lds u n d e r ou r pest ic ide-free cond i t i ons . 
All the g reen p a r t s of ch i ckpea h a v e a d e n s e cover of g l a n d u l a r ha i r s which 
exude a very ac id ic l iqu id . T h i s e x u d a t e , w i t h a pH of a p p r o x i m a t e l y 1.3 a n d a 
h igh c o n t e n t of m a l i c ac id , i s t h o u g h t to be a factor in l imi t ing the r a n g e of 
pes t s t h a t a t t a c k th is c r o p . T h e r e a p p e a r to be differences be tween cu l t iva r s in 
the a m o u n t a n d c o n c e n t r a t i o n o f t h e e x u d a t e a n d this m a y b e assoc ia ted wi th 
differences in obse rved suscep t ib i l i ty . We h o p e to deve lop fur ther co -ope ra -
t ion wi th the M a x P l a n c k I n s t i t u t e for B i o c h e m i s t r y a t M u n i c h in the 
c h e m i c a l s t ud i e s o f this e x u d a t e a n d of o t h e r a spec t s o f suscept ib i l i ty 
differences a m o n g t h e pu l ses . 
O u r b r e e d e r s h a v e m a d e crosses o f the m o r e a n d less suscep t ib le cu l t iva r s 
t h a t w e h a v e ident i f ied a n d w e a r c n o w s c r e e n i n g t h e F 2 p o p u l a t i o n s o f these . 
W e h a v e b e g u n m u l t i l o c a t i o n t e s t i ng o f t h e se lect ions a n d will s u p p l y seed, 
w h e r e ava i l ab l e , t o a n y i n t e r e s t ed w o r k e r s . F u r t h e r de ta i l s o f o u r s c reen ing , 
a n d o t h e r e n t o m o l o g i c a l s t ud i e s , o n b o t h ch i ckpea a n d p i g e o n p e a , a re 
r e c o r d e d i n o u r Pu l se E n t o m o l o g y D e p a r t m e n t a l P rogres s R e p o r t s w h i c h a re 
a v a i l a b l e o n r e q u e s t . 
25.7 G R O U N D N U T 
I n s e c t pes t s h a v e p r o b a b l y b e e n genera l ly u n d e r e s t i m a t e d a s y i e l d - r e d u c -
ing factors in g r o u n d n u t s . On this crop, insects are of par t icu la r impor t ance as 
vec to r s of v i ra l a n d o t h e r d i seases , w i th Aphis craccivora K o c h s p r e a d i n g rose t t e 
d i s e a s e i n Afr ica a n d p e a n u t m o t t l e i n severa l coun t r i e s . J a s s i d s s p r e a d 
p h y l l o d y o r w i t c h e s ' b r o o m , a n d d e s a p the foliage by feeding, t hus c a u s i n g 
p o o r p o d f i l l i ng . T h r i p s c a n also c a u s e severe d a m a g e t o p l a n t s by feeding a s 
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well as by a c t i n g as vec to r s of b u d necros is , a d i sease n o w k n o w n to be 
c a u s e d by the t o m a t o s p o t t e d wil t v i rus . O t h e r insects i n c l u d i n g w i r e w o r m s , 
t e r m i t e s , a n d ea rwigs a r e o f p a r t i c u l a r i m p o r t a n c e , for they ac t as agen t s in 
a l l owing e n t r y o f t h e m y c o t o x i n - p r o d u c i n g fungi in to the p o d s w h i c h they 
h a v e b o r e d o r scarif ied, wh i l e d a m a g e from pests such as t h e seed beet le 
(Caryedon serratus O l . ) c an s t a r t before h a r v e s t a n d c o n t i n u e in the s to re . 
O f all the I C R I S A T c rops , g r o u n d n u t h a s p r o b a b l y the g rea t e s t po t en t i a l 
for t h e e c o n o m i c u s e o f pes t i c ides , b u t o u r g r o u n d n u t e n t o m o l o g y p r o -
g r a m m e is u t i l i z i n g / e m p l o y i n g m u c h of i ts r esources to the s ea rch for 
r e s i s t a n c e to insect pes t s . At this s t age the s c r e e n i n g w o r k i s res t r i c ted to the 
four m a j o r pes t s t ha t a rc c o m m o n in the g r o u n d n u t f i e ld s a t I C R I S A T . 
C e n t e r , these b e i n g , Frankliniella schultzei ( T r y b o m . ) EM the m a j o r vec to r of 
b u d necros i s d i sease , Empoasca kerri P r u t h i , A. craccivora, a n d different t e rmi t e 
species . A l t h o u g h this p r o g r a m m e is re la t ively y o u n g , we h a v e a l r e a d y 
ident i f ied lines t h a t s h o w p r o m i s e for res i s tance to pes t s . 
O v e r 1500 g r o u n d n u t l ines h a v e so far b e e n sc reened in ou r f ie lds for 
t h r i p s d a m a g e a n d we h a v e r e c o r d e d obv ious differences i n suscep t ib i l i ty . 
Five l ines h a v e b e e n found to h a v e h igh levels of res i s tance as conf i rmed by 
feeding tests in the l a b o r a t o r y ; on these l ines the fecundi ty of the th r ips was 
s u b s t a n t i a l l y r e d u c e d . In a d d i t i o n , wi ld species re la t ives o f the g r o u n d n u t 
h a v e b e e n f ie ld-and l a b o r a t o r y - s c r e e n e d ; Arachis chacoense K r a p . e t G r e g was 
found to be h igh ly r e s i s t an t whi le o t h e r species s h o w e d a r a n g e of r e s i s t ance 
to t h r i p s . 
A j a s s i d , E. kerri, is p a r t i c u l a r l y a b u n d a n t from la te A u g u s t to ea r ly 
S e p t e m b e r a t t h e I C R I S A T . T h e a t t a c k e d p l a n t s s h o w typica l t ip -ye l lowing 
a n d i n t h e l a b o r a t o r y , o n e insec t p e r p l a n t c an c a u s e wi l t ing i n y o u n g 
seed l ings . In o u r field tests we h a v e so far s c reened 250 lines by c o u n t i n g the 
n y m p h s o n t h e t h r e e y o u n g e s t leaves o n e a c h o f t h e ten p l a n t s , 6 0 t o 8 0 d a y s 
after sowing , a n d c o m p a r i n g these c o u n t s wi th those from ad j acen t p lo t s o f 
s t a n d a r d cu l t iva r s . W e h a v e a l r e a d y r eco rded h igh res i s t ance i n two l ines . 
C a g e d seedl ings of o n e of these l ines w e r e ab le to w i t h s t a n d very la rge 
p o p u l a t i o n s of j a s s i d s w i t h o u t wi l t ing , wh i l e p l a n t s of a s t a n d a r d cu l t iva r 
( M - 1 3 ) wi l t ed a n d d i ed w h e n s imi la r ly exposed . T h e r e s i s t an t cu l t iva r s w e r e 
found to h a v e thick cut ic les a n d h igh t a n n i n depos i t s . In a d d i t i o n o n e l ine 
h a d p u b e s c e n t leaves , w i th tannin-f i l led h a i r s . 
O v e r 1000 l ines w e r e s c r eened for r e s i s t ance to a p h i d s in t h e seedl ings 
s t a g e in sc reen h o u s e s b u t no no t i ceab l e level o f r e s i s t ance w a s obse rved . In a 
modi f ied s c r e e n i n g p r o c e d u r e , m o n t h - o l d p l a n t s o f 200 lines w e r e sc reened 
b u t a g a i n w i t h l i t t le o r no success . Of t h e severa l wi ld species t es ted , 
h o w e v e r , Arachis villosa B e n t h . a n d A. chacoense w e r e i m m u n e , whi le o t h e r 
wi ld species s h o w e d a h igh to m o d e r a t e deg ree of r e s i s t ance . A d d i t i o n a l l y , 
s o m e in terspec i f ic h y b r i d s w e r e found to be re la t ively r e s i s t an t , so fu tu re 
w o r k will b e c o n c e n t r a t e d u p o n these . 
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T e r m i t e s a r e k n o w n to be ser ious pes t s o f g r o u n d n u t s in Afr ica a n d I n d i a ; 
J o h n s o n (1978) e s t i m a t e d up to 1 0 % losses to these pes t s in n o r t h e r n Nige r i a . 
P o d s left in the g r o u n d after m a t u r i t y suffer scar i f icat ion a n d we h a v e u s e d this 
factor in o u r p r e l i m i n a r y s c r e e n i n g efforts. We leave p o d s o f m a n y cu l t iva r s in 
t h e g r o u n d well after m a t u r i t y in p lo t s t h a t a r e k n o w n to be infested wi th 
t e r m i t e s , then score the la te h a r v e s t e d p o d s for scar i f icat ion. H e r e a g a i n we 
h a v e found cons i s t en t differences in suscept ib i l i ty over 2 y ea r s of t es t ing , wi th 
two l ines b e i n g p a r t i c u l a r l y p r o m i s i n g . G r o u n d n u t l ines t h a t h a v e b e e n found 
r e s i s t an t to the va r ious pes t s a r e a l r e a d y b e i n g s u p p l i e d to na t i ona l 
p r o g r a m m e s . O u r t h r i p s - r e s i s t a n t l ines h a v e b e e n s e n t t o Braz i l w h e r e 
Enneothrips flavens M o u l t e n is p a r t i c u l a r l y d a m a g i n g . P r o m i s i n g l ines a r e also 
b e i n g s u p p l i e d to a p r o g r a m m e in the U S A w h e r e r e s i s t ance to b o t h j a s s i d s 
a n d th r ip s i s r e q u i r e d . We expec t t o s u p p l y the l ines s h o w i n g r e d u c e d t e rmi t e 
suscep t ib i l i ty to c o - o p e r a t o r s in Africa a n d o t h e r a r e a s of I n d i a . 
25.8 SUMMARY 
T h i s p a p e r p r e s e n t s a s u m m a r y o f the p rog res s o f I C R I S A T ' s s tud ies on 
p l a n t r e s i s t ance to insect a t t a c k on its t a rge t c rops . On Sorghum bicolor, p rog res s 
in s c r e e n i n g for r e s i s t ance to shootfly (Atherigona soccata), a s t e m b o r e r (Chilo 
partellus), m i d g e (Contarinia sorghicola), a n d a h e a d - b u g (Calocoris angustalus) is 
de s c r i bed . Pear l mi l l e t (Pennisetum americanum) suffers re la t ively l i t t le d a m a g e 
by insect pes t s a t the I C R I S A T C e n t r e , so a s c r e e n i n g p r o g r a m m e h a s no t 
b e e n deve loped b u t i t i s p r o b a b l e t h a t w o r k will be c o n c e n t r a t e d in ou r 
c o - o p e r a t i v e p r o g r a m m e in Africa, w h e r e insec t pes t s a p p e a r to be o f g r e a t e r 
i m p o r t a n c e to th is c r o p . On p i g e o n p e a (Cajanus cajan), p rog res s i s r e p o r t e d on 
the s ea rch for r e d u c e d suscep t ib i l i ty of Heliothis armigera, a n d to podfly 
(Melanagromyza obtusa) on the fo rmer c r o p . On g r o u n d n u t (Arachis hypogaea), 
p r o g r e s s in s c r e e n i n g for r e s i s t ance to Frankliniella schultzei, Empoasca kerri, 
Aphis craccivora a n d t e rmi te s is p r e s e n t e d . 
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